
African Journal of Biotechnology Vol. 11(2), pp. 429-435, 5 January, 2012     
Available online at http://www.academicjournals.org/AJB 
DOI: 10.5897/AJB11.3037 
ISSN 1684–5315 © 2012 Academic Journals  

 
 
 
 

Full Length Research Paper 
 

Free radical scavenging activities of pigment extract 
from Hibiscus syriacus L. petals in vitro 

 

Mingjiang Geng1*, Mingxin Ren2, Zhenling Liu1 and Xiaojun Shang3 

 
1
Department of Chemistry, Xinxiang Medical University, Xinxiang 453003, China. 
2
Department of Anatomy, Xinxiang Medical University, Xinxiang 453003, China. 
3
College of Pharmacy, Xinxiang Medical University, Xinxiang 453003, China. 

 
Accepted 9 December, 2011 

 

The macroporous resin adsorption method was used to purify the pigment from Hibiscus syriacus L. 
petals. Through the comparison of the adsorption and desorption rates of six types of macroporous 
resins including AB-8, S-8, NKA-9, DM-130, D101 and 860021 to the pigment, 860021 resin was selected 
as the most appropriate resin to purify the pigment. The antioxidant capacities of the pigment extract 
(PE) were evaluated through in vitro experiments using hydroxyl radical scavenging assay, 1,1-
diphenyl-2-picrylhydrazyl (DPPH) scavenging assay and lipid peroxidantion (LPO) inhibition capacity 
assay induced by Fe2+-H2O2. Total flavonoid content (TFC) of PE was determined using the colorimetric 
methodology and total phenolic content (TPC) using Folin–Ciocalteu reagent. PE produced significant 
antioxidant activity. In addition, PE demonstrated higher TFC and TPC of 63.4±1.8 mg rutin 
equivalents/g and 172.6±2.4 mg gallic acid equivalents/g, respectively. This study suggests that H. 
syriacus L. petal can be used potentially as a source of natural antioxidants. 
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INTRODUCTION 
 
Free radicals containing one or more unpaired electrons 
are highly unstable species, which can damage other 
molecules by getting electrons from them (Lien et al., 
2008; Perry et al., 2000). In living organism, free radicals 
including hydroxyl radical, superoxide anion radical, 
peroxide radical are generated as the medium of energy 
supply, detoxification, chemical signal and immunity. But 
during the excessive metabolism, they cause extensive 
oxidative damage to cells leading to aging, cancer, 
neurodegenerative disorders, liver cirrhosis, 
atherosclerosis, diabetes, inflammation and other human 
diseases (Halliwell, 2009; Lien et al., 2008; Liu et al., 
2008). More and more epidemiological  reports  associate  
diets  on  fruits and vegetables with reduced risk of heart 
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disease and other chronic diseases. An important factor 
to reduce these diseases is more consumption of 
antioxidants, including Vitamin C and E, carotenoids and 
phenolic compounds. It is reported that phenolic 
compounds are natural substances in plants with potent 
in vitro antioxidant ability and may help to protect cells 
against oxidative damage caused by free radicals.  

Many phenolic compounds have the stronger 
antioxidant activities by scavenging hydroxyl radical (Sun 
et al., 2010; Zhang et al., 2011), superoxide anion radical 
(Rehecho et al., 2010; Sun et al., 2010) and inhibiting 
lipid peroxidantion (Costa et al., 2011; Tai et al., 2011) 
through the conjugated rings and hydroxyl groups 
hydrogenation or complexing with oxidizing species. 
Macroporous resins can be used to adsorb and purify 
compounds based on the differences in molecular weight, 
polarity and size, which leads to differences in affinity for 
the resin. And many types of macroporous resins have 
been used to purify phenolic compounds (Chi et al., 2011; 
Liu et al., 2010; Zhou et al., 2011) in the research and 
commerce for economic and environmental reasons. 
Hibiscus  syriacus L.  is  widely  distributed  all around the  
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Table 1. Physical properties of the several macroporous resins. 
 

Type Surface area (m2/g) Average pore diameter (Å) Particle diameter (mm) Polarity 

AB-8 480~520 130~140 0.315~1.25 Weak-polar 

S-8 100~120 280~300 0.315~1.25 Polar 

NKA-9 250~290 150~165 0.3~1.25 polar 

DM-130 500~550 90~100 0.3~1.25 Moderate-poplar 

D101 400~600 100~120 0.2~0.6 Non-polar 

860021 ≥450 90 0.25~0.84 Weak-polar 

 
 
 

world as ornamental and green plants (Sung et al., 1998). 
Furthermore, it is also a medicinal plant used as 
antipyretic, antihelminthic and antifungal agent in the 
orient (Chen and Chen., 1993; Li, 2000; Hsu et al., 1986; 
Huang, 1993; Xu et al., 2000). There have been some 
reports on the active constituents of its stem and root 
bark (Kwon et al., 2003; Yun et al., 1998, 1999) or its 
buds and flowers (Barbara et al., 1973; Yun et al., 2001). 
However, there are few investigations into the 
antioxidative activity of the pigment from its petals. As we 
know, the main components of flower pigments are 
phenolic compounds, in particular, flavonoids and 
anthocyanin. Therefore, the objective of this study was to 
screen the most appropriate macroporous resin for 
pigment purification, and to evaluate the antioxidant 
activities of PE using hydroxy radical scavenging assay, 
DPPH radical scavenging assay and LPO inhibition 
assay. The results of this study will provide useful 
information for exploiting its potential commercial 
application as a source of natural antioxidants. 
 
 
MATERIALS AND METHODS 
 
The blooming flowers of H. syriacus L. were picked from Xinxiang 
Xinzhong Street (China). The petals were picked out by hands, 
aired between 35 and 40°C in an electro-thermostatic blast oven for 
48 h, milled into powder in a shredder, orderly. The powder was 
kept in a brown glass flask at room temperature for use. 
 
 
Preparation of crude pigment 
 
Briefly, the powder was mixed with 50% ethanol (V/V) as 1:50 
(g/mL). The mixture was ultrasonicated intermittently for 90 min at 
40°C, and then filtered with filter paper. The ethanol concentration 
of the filtrate was adjusted to 80% with 95% ethanol. The 
undissolved substances were removed by centrifugation (2750 g for 
10 min). The crude pigment concentrate was obtained in a rotary 
vacuum evaporator at 40°C.  

 
 
Adsorption and desorption tests of macroporous resin on 
pigment 
 
Macroporous resins including AB-8, S-8, NKA-9, D101, DM-130 and 
860021 were purchased from Chemical plant of Nankai University 
(Tianjin, China) or Shandong Lukang Record Pharmaceutical 
Company Limited (Jining, China). Their physical properties are 

summarized in Table 1. In order to remove the monomers and 
porogenic agents trapped inside the pores during synthesis 
process, the resins were pretreated as follows. First, it was soak in 
95% ethanol for 8 h, then wash to no white turbidity adding 3-fold 
volume water, and the ethanol was rinse with deionized water. 
Secondly, it was soak in about 4-fold volume 1mol/L HCl for 8 h, 
then wash to neutral with deionized water. Thirdly, it was soak in 
about 4-fold volume 1mol/L NaOH solution for 8 h and wash to 
neutral with deionized water. The adsorption tests (Fu et al., 2007, 
2005; Wang et al., 2008) of pigment on macroporous resins were 
performed as follows: 2.000 g macroporous resin (blotted up by 
filter paper) was put into a 250 mL conical flask with a lid, 40 mL PE 
solution (A=1.202) was added. Then the flasks were shaken (130 
r/min) for 8 h at room temperature. Absorbance of the solution was 
determined at 532 nm against the deionized water. Adsorption rate  
and adsorption capacity were calculated according to the following 
equations: 
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Where, Ar is the adsorption rate (%) of the resin under adsorption 
equilibrium; Qa is the adsorption capacity; A0 is the absorbance of 
PE before adsorption; A1 is the absorbance of PE after adsorption; 
V is the volume of the initial PE and W is the weight of the resin. 
The process of desorption was carried out as follows. After reaching 
adsorption equilibrium, 1.000 g macroporous resins (washed by 
deionized water and dried by filter paper) were desorbed with 20 
mL ethanol-water solution (50, 70 and 95%, respectively) in the 
conical flask (250 mL). The flasks were shaken (130 r/min) for 4 h 
at room temperature. Then the absorbance of the solution was 
determined. Desorption rate was calculated as the following 
equation: 
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Where, Dr is the desorption rate (%); Ad is the absorbance of 
pigment solution after desorption; Vd is the volume of desorption 
solution; Qc is the capacity of corresponding resin and W1 is the 
weight of resin. 
 
 

Preparation of PE  
 
The crude pigment concentrate was adsorbed with 860021 
macroporous resin, and desorbed with 70% ethanol. The following 
procedure was to concentrate the effluent in a rotary vacuum 
evaporator at 40°C. The purple powdery PE was obtained directly. 



 
 
 
 
Determination of antioxidant activity 
 
Hydroxyl radical scavenging activity 
 
Hydroxyl radical scavenging activity was measured by the salicylic 
acid method (Smirnoff and Cumbes, 1989) with some modifications. 
Briefly, the pigment powder was dissolved in double distilled water 
at 0.1, 0.2, 0.4, 0.6, 0.8 or 1.0 mg/mL. A 1.0 mL pigment solution 
(sample) was mixed with 1.0 mL of 9 mmol/L salicylic acid, 1.0 mL 
of 9 mmol/L FeSO4 and 1.0 mL of 9 mmol/L H2O2. The reaction was 
activated by adding H2O2 and the reaction mixture was incubated 
for 60 min at 37

o
C in a water bath. After incubation, the absorbance 

of the mixtures was measured at 510 nm using a ultraviolet/visible 
(UV/Vis) spectrophotometer. The control group does not contain 
pigment solution. The self group does not contain H2O2. The blank 
group absents the pigment solution and the salicylic acid. The 
ascorbic acid was used as the positive control compound. Hydroxyl 
radical scavenging activity was calculated as the following equation. 
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Where, Sa is the scavenging activity of tested sample (%); Asample is 
the absorbance of the tested sample; Ablank is the absorbance of the 
blank; Aself is the absorbance of the selves and Acontrol is the 
absorbance of the control. 
 
 
DPPH free radical scavenging assay 
 
The scavenging activity of the pigment on the DPPH radical (Sigma, 
USA) was assayed by the method described in the literatures 
(Chan et al., 2007; Conforti et al., 2008; Liu et al., 2008; Zhang et 
al., 2011) with a minor modification. Briefly, a 2×10

-4
mol/L of DPPH 

ethanol solution was prepared. A 1.0 mL different concentration of 
sample was added to 2.0 mL of DPPH solution. The mixture was 
incubated for 60 min at 25°C in the dark. Then the discolorations 
were measured at 517 nm against ethanol. The ascorbic acid was 
used as the positive control compound. Percent of sample on 
DPPH was calculated as the following equation. 
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Where, Sa is the scavenging activity of the tested sample (%); 
Asample is the absorbance of 1.0 mL sample and 2.0 mL DPPH; Aself 
is the absorbance of 1.0 mL sample and 2.0 mL ethanol; Acontrol is 
the absorbance of 1.0 mL double distilled water and 2.0 mL DPPH. 
 
 
Assays of LPO in the rat liver homogenate 
 
The inhibition of LPO was determined by quantification 
malondialdehyde (MDA) decomposed from the lipid peroxide 
according to the method described in the literatures (Chen et al., 
2008; Li et al., 2003; Mee et al., 2001) with some modifications. For 
the in vitro studies, the 10% (w/v) rat liver homogenate was first 
prepared. Briefly, the male Sprague Dawley (SD) rats (Experimental 
Animal Center, Xinxiang medical University, China) aged 10~12 
weeks, with body mass of 300 to 350 g were sacrificed by cervical 
dislocation. The rat liver was removed, washed with ice-cold saline, 
homogenized in 9-fold volume ice-cold saline and then centrifuged  
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at 1000 g for 15 min. The suspension was the 10% rat liver 
homogenate used to determine LPO. A 0.5 mL of the suspension 
was mixed with 0.2 mL different concentrations of sample, 50 L 
FeSO4 (9 mmol/L) and 100 L H2O2 (0.1mol/L). The mixture was 
adjusted to a final volume of 1.0 mL with saline and then incubated 
for 60 min at 37°C. The reaction was stopped by adding 1.5 mL 
trichloroacetic acid (TCA, 10%, w/v), and then mixed with 2.0 mL 2-
thiobarbituric acid (TBA, 0.67%, w/v). Then, the mixture was heated 
in a boiling water bath for 20 min and centrifuged at 2750 g for 10 
min. The supernatant was subjected to analysis by a UV/Vis 
spectrophotometer at 532 nm against saline. The blank group 
contained all the reagents but the sample group. The inhibition 
percent of LPO of pigment was calculated as the following 
equation.  
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Determinations of TFC and TPC  
 
TFC was determined by a colorimetric method (Bao et al., 2005; 
Piccolella et al., 2008) with some modification. A 0.5 mL PE or rutin 
(Sigma, USA) standard solution was added to a 10 mL volumetric 
flask. Then 60% (V/V) ethanol was added up to the volume of 5 mL 
and mixed with 0.3 mL of NaNO2 (5%, W/V). After 6 min, 0.3 mL of 
AlCl3 (10%, W/V) was added. The mixture was mixed and kept for 
another 6 min at room temperature, and then 4.0 mL NaOH (1.0 
mol/L) was added. The reaction mixture was diluted with 0.4 mL 
double distilled water and kept for 15 min. The increase in 
absorbance was read at 510 nm against the blank (without pigment 
or rutin). The flavonoid content was expressed as rutin equivalents 
in milligrams per gram of dry basis, using a standard curve 
generated with rutin. TPC was estimated by the Folin-Ciocalteu 
method (Bao et al., 2005; Conforti, 2008; Huber and Rupasinghe, 
2009) with a little modification. Briefly, 1.0 mL PE solution (0.5 
mg/mL) was mixed with 0.5 mL Folin-Ciocalteau reagent and 2.5 
mL Na2CO3 (7.5%, W/V) (added 2 min after the Folin-Ciocalteau 
reagent) in a 10 mL volumetric flask. The absorbance was 
determined at 760 nm against the blank (without pigment) after 
incubation for 2 h at 25°C. TPC of the PE was expressed as 
milligrams per gram of gallic acid equivalents of dry basis, using a 
standard curve generated with gallic acid.  
 
 
Statistical analysis  
 
All the experiments were carried out three times and the three 
repeated samples were employed in colorimetric assays. Data were 
shown in means values ± standard deviations and then analyzed 
using Origin 7.5. Statistical analyses were performed using the 
student’s t-test. Differences were considered significant if p<0.05.  
 
 
RESULTS AND DISCUSSION 
 
Adsorption and desorption effects of macroporous 
resin on the pigment 
 
Many factors can affect the resin adsorption properties. In 
general, when the resin with the approximate polarity to 
the adsorbed molecules, larger specific surface area and 
suitable aperture, it will have better adsorption effect. As 
shown in Table 2, the adsorption capacity and adsorption  



432      Afr. J. Biotechnol. 
 
 
 

Table 2. Adsorption and desorption effects of the macroporous resins.  
 

Type Adsorption rate 
(%) 

Adsorption 
volume 

Desorption rate (%) 
50% 70% 95% 

AB-8 80.25±1.27 19.58±0.05 36.77±0.33 61.08±1.21 54.34±0.93 
S-8 59.59±1.31 14.54±0.06 55.84±1.26 89.41±0.56 77.03±0.77 
NKA-9 39.43±0.65 9.62±0.07 35.76±1.99 66.94±1.36 56.55±0.76 
DM-130 61.56±0.94 15.02±0.08 51.13±0.72 87.88±0.97 77.76±0.82 
D101 45.41±0.60 11.08±0.12 45.13±1.91 81.59±1.71 70.40±0.49 
860021 74.67±1.20 18.26±0.04 67.03±0.37 91.13±0.81 79.96±0.87 

 

Data are means ± SD (n = 3). 
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Figure 1. Effects of PE (gray bar) and ascorbic acid (white bar) on 
hydroxyl radical. Data are means ± SD (n = 3). 

 
 
 

rate of AB-8 and 860021 resins toward the pigment were 
higher than those of other resins, with adsorption rate of 
80.25 and 74.67%, respectively. In order to find more 
suitable desorption solvent, different concentrations of 
ethanol were used as the eluent in the desorption tests. 
The desorption rate of different concentrations of ethanol 
on all types of macroporous resin increased when the 
concentration changed from 50 to 70%, but decreased 
when the concentration increased from 70 to 95%. In any 
concentration solvent, the resin 860021 had better 
desorption rate than other resins. Taking all factors into 
consideration, the resin 860021 was selected as the 
purification resin and 70% ethanol as the desorption 
solvent. 
 
 
Hydroxyl radical scavenging activity 
 
The hydroxyl radical is the most active in the reactive 
oxygen species, and it can cause most damage to the 
organism. Hydroxyl radicals can react with variety of 
molecules such as proteins, polypeptides, nuclear acids 
and lipids, to cause biomolecules oxidative damages and 
cell necrosis or mutations (Balaban et al., 2005; Klaunig 
and Kamendulis, 2004; Shi et al., 2004). As shown in 

Figure 1, PE had a scavenging activity toward hydroxyl 
radicals in a dose-dependent manner. The scavenging 
activity of PE was obviously higher than that of the 
ascorbic acid when the concentration was below 0.2 
mg/mL. But the scavenging activity was relatively lower 
than that of the ascorbic acid when the concentration was 
over 0.4 mg/mL. The IC50 value of PE is 0.718 mg/mL 
whereas that of the ascorbic acid is 0.393 mg/mL.  
 
 
DPPH radical scavenging activity 
 
DPPH radical is a stable nitrogen-centered on free radical 
with an unpaired electron. Its solution appears deep violet 
and shows a strong absorbance at 517 nm. Substances, 
which make its color lighter and absorbance descendent 
can be considered as antioxidants and therefore radical 
scavengers (Brand-Williams et al., 1995). Now, it is well 
accepted that DPPH radical is used to analyze the 
scavenging potential of compounds. As shown in Figure 
2, PE showed appreciable free radical scavenging 
activity, which was weaker than ascorbic acid in the same 
concentrations. There was a dose-effect relationship with 
the increasing concentration. The IC50 value of PE to 
DPPH  radical  was  76.8 g/mL,  also  it was higher than 
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Figure 2. Effects of PE (gray bar) and ascorbic acid (white bar) on DPPH radical. 
Data are means ± SD (n = 3). 

 
 
 

Table 3. Effects of PE on liver LPO induced by Fe
2+

-H2O2.  
 

Concentration (µµµµg/mL) A532 Inhibition (%) 

Control 0.967±0.019 - 

15 0.462±0.021 52.22±2.36 

30 0.457±0.015 52.74±1.81 

60 0.440±0.012 54.50±1.53 

120 0.428±0.009 55.74±1.27 

240 0.414±0.013 57.19±1.59 
 

Data are means ± SD (n = 3). 
 
 
 

the ascorbic acid (IC50=20.8 µg/mL). 
 
 
Determination of capability of LPO inhibition 
 
LPO was initiated from the process of the unsaturated 
fatty acids oxidation deterioration induced by free 
radicals, such as superoxide, hydroxyl radicals, etc., and 
other reactive oxygen species. Low concentrations of 
LPO are found in tissues in the normal physiologic 
conditions. But under the oxidative stress conditions, 
LPO can harm the cells by inactivating the enzymes and 
receptors in membrane, depolymerizing deoxyribonucleic 
acid (DNA) and proteins cross-link. Furthermore, several 
LPO by products can damage other bio-molecules (Koh 
et al., 1997; Marnett, 2002; Costa et al., 2011). As shown 
in Table 3, PE showed significant antioxidant activity in 
LPO and its inhibition activity was presented in a 

concentration-dependent manner. The inhibition rate of 

LPO was 52.22% even at a concentration of 15 µg/mL. 
 
 
Total flavonoid and phenolic contents  
 
Phenolic compounds are responsible for the antioxidant 
activity of plant materials due to their redox properties. 
And the phenolic hydroxyl group helps them to work as 
reducing agents, hydrogen donors and singlet oxygen 
quenchers (Chua et al., 2008). Many reports indicated 
that antioxidant activities were in accordance with TPC 
(Lachman et al., 2010; Rehecho et al., 2010; Sheng et 
al., 2011; Xue et al., 2009) or TFC (Rehecho et al., 2010; 
Zhang et al., 2011). Total phenols and flavonoids were 
expressed in terms of gallic acid and rutin equivalents per 
gram. PE was rich in phenols and flavonoids. TFC and 
TPC   of   PE  were  estimated  to  be  63.4±1.8  mg  rutin 
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equivalents/g and 172.6±2.4 mg gallic acid equivalents/g,  
respectively. This also explains why the PE has strong 
antioxidant activity. 
 
 
Conclusion 
 
The present research indicates that extracting pigment 
from H. syriacus L. can be performed by macroporous 
resins, and PE is antioxidative in vitro. The pigment 
contains higher TCP and shows efficient radicals 
scavenging activity on hydroxyl, DPPH and LPO. 
Especially, PE has strong antioxidant ability to hydroxyl 
radical in low concentration. Moreover, a more detailed 
study between the component of PE and the antioxidant 
activity in vivo needs to be carried out in future. Like 
carthamin, curcumin, -renieratene and other pigments 
in the market, the pigment from H. syriacus L. might also 
be employed as a food colorant and pharmaceuticals. 
 
 
ACKNOWLEDGEMENTS 
 
This work was supported by Natural Science Foundation 
of Henan Educational Committee (2011B150030). The 
authors wish to thank Prof. Dong Li and Prof. Ping 
Wenjiang for their helpful suggestions.  
 
 
REFERENCES 
 
Balaban RS, Nemoto S, Finkel T (2005). Mitochondria, oxidants and 

aging. Cell. 120(4): 483-495. 
Bao JS, Cai YZ, Wang GY, Corke H (2005). Anthocyanins, Flavonols, 

and Free Radical Scavenging Activity of Chinese Bayberry (Myrica 
rubra) Extracts and Their Color Properties and Stability. J. Agric. 
Food Chem.  53(6): 2327-2332. 

Barbara WH, Alonzon CT, Richard CG, Paul AH (1973). An 
inverstigation of the essential oil of Hibiscus syriacus L.. J. Agric. 
Food Chem.  21(6): 1001-1004. 

Brand-Williams W, Cuvelier ME, Berset C (1995). Use of a free radical 
method to evaluate antioxidant activity. LWT-Food Sci. Technol.  
28(1): 25-30. 

Chan EWC, Lim YY, Chew YL (2007). Antioxidant activity of Camellia 
sinensis leaves and tea from a lowland plantation in Malaysia. Food 
Chem. 102(4): 1214-1222.  

Chen HX, Zhang M, Qu ZS, Xie BJ (2008). Antioxidant activities of 
different fractions of polysaccharide conjugates from green tea 
(Camellia Sinensis). Food Chem. 106(2): 559-563. 

Chen RT, Chen L (1993). On the chemical constituents of cotton rose 
Hibiscus. Chinese Traditional and Herbal Drugs.  5: 227-229. 

Chi RA, Zhou F, Huang K, Zhang YF (2011). Adsorption Behaviors of 
Puerarin on S-8 Macroporous Resin. Chinese J. Nat. Med.  9(2): 120-
125. 

Chua MT, Tung YT, Chang ST (2008). Antioxidant activities of ethanolic 
extracts from the twigs of Cinnamomum osmophloeum. Bioresour. 
Technol.  99(6): 1918-1925. 

Conforti F, Sosa S, Marrelli M, Menichini F, Statti G, Uzunov D, Tubaro 
A, Menichini F, Loggia RD (2008). In vivo anti-inflammatory and in 
vitro antioxidant activities of Mediterranean dietary plants. J. 
Ethnopharmacol. 116(1): 144-151. 

Costa P, Gonçalves S, Andrade PB, Valentão P, Romano A (2011). 
Inhibitory effect of Lavandula viridis on Fe

2+
-induced lipid 

peroxidation, antioxidant and anti-cholinesterase properties. Food 
Chem. 126(4): 1779-1786. 

 
 
 
 
Fu BQ, Liu J, Li H, Li L, Lee FSC, Wang XR (2005). The application of 

macroporous resins in the separation of licorice flavonoids and 
glycyrrhizic acid. J. Chromatog. A. 1089(1-2): 18-24. 

Fu YJ, Zu YG, Liu W, Hou CL, Chen LY, Li SM, Shi XG, Tong MH (2007). 
Preparative separation of vitexin and isovitexin from pigeonpea 
extracts with macroporous resins. J. Chromatog. A. 1139(2): 206-213. 

Halliwell B (2009). The wanderings of free radical. Free Radical bio. 
Med. 46(5): 531-542. 

Hsu HY, Chen YP, Shen SJ, Hsu CS, Chen CC, Chang HC (1986). 
Oriental materia medica, a concise guide, Taiwan: Oriental Healing 
Arts Institute. 503-504 p. 

Huang KC (1993). The pharmacology of Chinese herbs. Tokyo: CRC.  
pp. 193-194. 

Huber GM, Rupasinghe HP (2009). Phenolic profiles and antioxidant 
properties of apple skin extracts. J. food Sci. 74(9): 693-700. 

Klaunig JE, Kamendulis LM (2004). The role of oxidative stress in 
carcinogenesis. Annu. Rev. Pharmacol.  44: 239-267. 

Koh YH, Yoon SJ, Park JW (1997). Lipid peroxidation product-mediated 
DNA damage and mutagenicity. J. Biochem. Mol. Biol. 30(3): 188-
193. 

Kwon SW, Hong SS, Kim JI, Ahn IH (2003). Antioxidant properties of 
heat-treated Hibiscus syriacus. Biol. Bull. 30(1): 15-16. 

Lachman J, Orsák M, Hejtmánková A, Kovářová E (2010). Evaluation of 
antioxidant activity and total phenolics of selected Czech honeys. 
LWT-Food Sci. Technol. 43(1): 52-58. 

Li SP, Zhao KJ, Ji ZN, Song ZH, Dong TT, Lo CK, Cheung SQ, Zhu SQ, 
Tsim KW (2003). A polysaccharide isolated from Cordyceps sinensis, 

a traditional Chinese medicine, protects PC12 cells against hydrogen 
peroxide induced injury. Life Sci. 73(19): 2503-2513. 

Li SZ (2000). Compendium of material medica. 3rd ed. Beijing: People’s 
Health Publisher.  pp. 2128-2129. 

Lien AP, Hua H, Chuong PH (2008). Free radicals, antioxidants in 
disease and health. Int. J. Biomed. Sci. 4(2):  89-96. 

Liu W, Zhang S, Zu YG, Fu YJ, Ma W, Zhang DY, Kong Y, Li XJ (2010). 
Preliminary enrichment and separation of genistein and apigenin from 
extracts of pigeon pea roots by macroporous resins. Bioresource 
Technol. 101(12): 4667-4675. 

Liu XL, Zhao MM, Wang JS, Yang B, Jiang YM (2008). Antioxidant 
activity of methanolic extract of emblica fruit (Phyllanthus emblica L.) 

from six regions in China. J. food Compos. Anal.  21(3): 219-228. 
Marnett LJ (2002). Oxy radicals, lipid peroxidation and DNA damage. 

Toxicology. 181-182: 219-222. 
Mee HK, Han JH, Ha CS (2001). Identification and antioxidant activity of 

novel chlorogenic acid derivatives from bamboo (phyllostachys 
edulis). J. Agric. Food Chem. 49(10): 4646-4655. 

Perry G, Raina AK, Nonomura A, Wataya T, Sayre LM, Smith MA (2000). 
How important is oxidative damage? Lessons from Alzheimer’s 
disease. Free radical Bio. Med. 28: 831-834. 

Piccolella S, Fiorentino A, Pacifico S, Abrosca B, Uzzo P, Monaco P 
(2008). Antioxidant Properties of Sour Cherries (Prunus cerasus 
L.): Role of Colorless Phytochemicals from the Methanolic Extract of 
Ripe Fruits. J. Agric. Food Chem. 56(6): 1928-1935. 

Rehecho S, Hidalgo O, Cirano MG, Navarro I, Astiasarán I, Ansorena D, 
Cavero RY, Calvo MI (2011). Chemical composition, mineral content 
and antioxidant activity of Verbena officinalis L. LWT-Food Sci. 

Technol. 44(4): 875-882. 
Sheng ZW, Ma WH, Gao JH, Bi Y, Zhang WM, Dou HT, Jin ZQ (2011). 

Antioxidant properties of banana flower of two cultivars in China 
using 2,2-diphenyl-1-picrylhydrazyl (DPPH,) reducing power, 2,2’-
azinobis-(3-ethylbenzthiazoline-6-sulphonate (ABTS) and inhibition of 
lipid peroxidation assays. Afr. J. Biotechnol. 10(21):  4770-4477. 

Shi H, Hudson LG, Ding W, Wang SW, Cooper KL, Liu S M, Chen Y, 
Shi XL, Liu KJ (2004). Arsenite Causes DNA Damage in 
Keratinocytes Via Generation of Hydroxyl Radicals. Chem. Res. 
Toxicol. 17(7):  871-878.Smirnoff N, Cumbes QJ (1989). Hydroxyl 
radical scavenging activity of compatibile solutes. Phytochemistry, 
28(4): 1057-1060. 

Sun J, Jiang YM, Shi J, Wei XY, Xue SJ, Shi JY, Yi C (2010). 
Antioxidant activities and contents of polyphenol oxidase substrates 
from pericarp tissues of litchi fruit. Food Chem. 119(2): 753-757. 

Sung CH, Wang YN, Sun EJ, Ho LH (1998). Evaluation of tree species 
for   absorption   and  tolerance  to  ozone  and  nitrogen  dioxide (III).  



 
 
 
 
    Quarterly Journal of the Experimental Forest of National Taiwan 

University. 12(2): 269-288. 
Tai ZG, Cai L, Dai L, Dong LH, Wang MF, Yang YB, Cao Q, Ding ZT 

(2011). Antioxidant activity and chemical constituents of edible flower 
of Sophora viciifolia. Food Chem. 126(4): 1648-1654. 

Wang BS, Li BS, Zeng QX, Liu HX (2008). Antioxdant and free radical 
scavenging activities of pigments extracted from molassed alcohol 
wastewater. Food Chem. 107(3): 1198-1204. 

Xu GJ, Wang Q, Yu BY, Pan MJ (2000). Coloured illustrations of 
antitumour Chinese traditional and herbal drugs. Fuzhou: Fujian 
Science &Technology Publishing House.  pp. 141-143.  

Xue ZP, Feng WH, Cao JK, Jiang WB (2009). Antioxidant activity and 
total phenolic contents in peel and pulp of Chinese jujube (Ziziphus 
jujuba Mill) Fruits. J. Food Biochem. 33(5): 613-629. 

Yun BS, Lee IK, Ryoo IJ, Yoo, ID (2001). Coumarins with monoamine 
oxidase inhibitory activity and antioxidatie coumarins-lignans from 
Hibiscus syriacus. J. Nat. Prod. 64(9): 1238-1240. 

Yun BS, Ryoo IJ, Lee IK, Park KH, Choung DH, Han KH, Yoo ID 
(1999). Two bioactive pentacyclic triterpene esters fron the root bark 
of Hibiscus syriacus. J. Nat. Prod. 62(5): 764-766. 

 

 

Geng et al.       435 
 
 
 
Yun BS, Ryoo IJ, Lee IK, Yoo ID (1998). Hibispeptin A, a novel cyclic 

peptide from Hibiscus syriacus. Tetrahedron Lett,  39(9):  993-996. 
Zhang GW, He L, Hu MM (2011). Optimized ultrasonic-assisted 

extraction of flavonoids from Prunella vulgaris L. and evaluation of 
antioxidant activities in vitro.Innov. Food Sci. Emerg. 12(1): 18-25. 

Zhou HH, Yuan QP, Lu JJ (2011). Preparative separation of punicalin 
from waste water of hydrolysed pomegranate husk by macroporous 
resin and preparative high-performance liquid chromatography. Food 
Chem. 126(3): 1361-1365. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


